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APPARATUS AND METHOD FOR 
FREQUENCY-SHIFT-KEYING OPTICAL 

TRANSMISSION 

CLAIM OF PRIORITY 

This application claims priority to an application entitled 
“Apparatus and method for frequency-shift-keying optical 
transmission,” ?led in the Korean Intellectual Property O?ice 
on Aug. 5, 2004 and assigned Serial No. 2004-61649, the 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical transmission 

apparatus and an optical transmission method, and more par 
ticularly to an apparatus and a method for optical transmis 
sion including a frequency-shift-keying (‘FSK’) scheme. 

2. Description of the Related Art 
FSK schemes are shift-keying schemes that load informa 

tion on the frequency of an optical signal. FSK schemes have 
a higher reception sensitivity than that of the conventional 
on-off keying schemes (e.g., by about 3 dB). FSK schemes 
also alloW for strong ?ber nonlinearity. Since the information 
is included in the frequency of an optical signal other than the 
intensity of the optical signal, FSK schemes are rarely 
affected by the kerr nonlinearity of an optical ?ber. Moreover, 
since the carrier frequency of a signal is suppressed, FSK 
schemes are strong against a Brillouin nonlinearity effect. 
FSK schemes can also accept strong optical ?ber nonlinearity 
as compared With PSK schemes (phase-shift-keying). Since 
this means that a signal can be transmitted over a long dis 
tance Without signal reproduction, a long distance optical 
transmission system can be more effectively achieved by 
means of such a characteristic. 

In order to generate an FSK signal, it is necessary to pro 
vide an apparatus capable of generating different frequencies 
according to electric data signals. The conventional method 
for generating the FSK signal uses the chirping of a laser 
diode. Since an optical signal output from the laser diode has 
a frequency changed according to electric current applied to 
the laser diode, the FSK signal can be generated by means of 
the above characteristic of the laser diode. 

FIG. 1 is a circuit diagram shoWing an example of a con 
ventional optical transmission apparatus 100 employing a 
typical FSK scheme. The optical transmission apparatus 100 
includes a distributed feedback laser (DFB) 110 and a bias-tee 
circuit 120. 

The distributed feedback laser 110 generates tWo tone sig 
nals having different frequencies according to input data sig 
nals. When ‘0’ bit data is input, the distributed feedback laser 
110 generates a ?rst tone signal. When ‘ l ’ bit data is input, the 
distributed feedback laser 110 generates a second tone signal. 
This is because the distributed feedback laser 110 has a 
changed output frequency and intensity according to the 
intensity of input data. Further, in addition to the data signal, 
a bias signal having a constant electric current is input to the 
distributed feedback laser 110. When such a direct modula 
tion scheme is employed, both the output frequency and the 
output intensity of the distributed feedback laser 110 are 
modulated and an output signal is distorted. 

The bias-tee circuit 120 includes an inductor L 130 dis 
posed betWeen a bias terminal and the distributed feedback 
laser 110 in order to block alternating current. A condenser C 
140 is disposed betWeen a data terminal and the distributed 
feedback laser 110 in order to block direct current. 
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2 
FIG. 2 is a circuit diagram of the second example of a 

conventional optical transmission apparatus 200 employing a 
typical FSK scheme. 

The optical transmission apparatus 200 includes a distrib 
uted feedback laser 210, an intensity modulator MOD 260, an 
inverting ampli?er 250 and a bias-tee circuit 220. 

The distributed feedback laser 210 may generate tWo tone 
signals having different frequencies according to input data 
signals. When ‘0’ bit data is input, the distributed feedback 
laser 210 generates a ?rst tone signal. When ‘1’ bit data is 
input, the distributed feedback laser 210 generates a second 
tone signal. In addition to the data signal, a bias signal having 
a constant electric current is input to the distributed feedback 
laser 210. 

The inverting ampli?er 250 inverts the input data signal to 
output the inverted data signal to the intensity modulator 260. 

The intensity modulator 260 changes the intensity of the 
tone signal input from the distributed feedback laser 210 
according to the input inverted data signal. The intensity 
modulator 260 offsets the distortion of an output signal due to 
intensity change of the data signal, Which is input to the 
distributed feedback laser 210, by means of the inverted data 
signal. Therefore, the output signal due of the intensity modu 
lator 260 has a constant intensity regardless of the frequency 
of the output signal. 
The bias-tee circuit 220 includes an inductor L 230 dis 

posed betWeen a bias terminal and the distributed feedback 
laser 210 in order to block alternating current. A condenser C 
240 is disposed betWeen a data terminal and the distributed 
feedback laser 210 in order to block direct current. 

The optical transmission apparatus 200 has a reduced 
intensity distortion of an output signal as compared With the 
optical transmission apparatus 100. HoWever, since the opti 
cal transmission apparatus 200 also employs a direct modu 
lation scheme, the optical transmission apparatus 200 has a 
limitation in a modulation speed. Typically, a modulation 
bandWidth of a laser is determined by a relaxation oscillation 
frequency of the laser. The relaxation oscillation frequency 
increases by the square root of a bias current of the laser, but 
is generally less than 20 GHZ. Accordingly, it is di?icult to 
apply the relaxation oscillation frequency to a high speed 
transmission system of more than 40 Gbps. Further, since an 
optical frequency generated by the chirping of a laser has a 
phase someWhat different from that of an applied current, it is 
dif?cult to generate a clean FSK signal having a small chirp 
ing from the optical frequency. 

SUMMARY OF THE INVENTION 

One aspect of the present invention relates to an optical 
transmission apparatus and method employing an FSK 
scheme and capable of supporting a modulation speed of 
more than 40 Gbps. 

One embodiment of the present invention is directed to an 
optical transmission apparatus employing an FSK scheme 
including a light generator for generating a ?rst tone signal 
having a ?rst frequency and a second tone signal having a 
second frequency. The optical transmission apparatus also 
includes a light modulator including a second modulator for 
selectively outputting one of the ?rst tone signal and the 
second tone signal input from the light generator according to 
input data. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and embodiments of 
the present invention Will be more apparent from the folloW 
ing detailed description taken in conjunction With the accom 
panying drawings, in Which: 

FIG. 1 is a circuit diagram showing the ?rst example of a 
conventional optical transmission apparatus employing a 
typical FSK scheme; 

FIG. 2 is a circuit diagram of the second example of a 
conventional optical transmission apparatus employing a 
typical FSK scheme; 

FIG. 3 is a block diagram shoWing an optical transmission 
apparatus employing an FSK scheme according to a ?rst 
embodiment of the present invention; 

FIG. 4 is a graph shoWing the Wavelength response char 
acteristic of the second modulator shoWn in FIG. 3; 

FIG. 5 is a graph illustrating the Wavelength-shift of the 
Wavelength response characteristic of the second modulator; 
and 

FIG. 6 is a block diagram shoWing an optical transmission 
apparatus employing an FSK scheme according to a second 
embodiment of the present invention 

DETAILED DESCRIPTION 

Hereinafter, embodiments according to the present inven 
tion Will be described With reference to the accompanying 
draWings. For the purposes of clarity and simplicity, a 
detailed description of knoWn functions and con?guration 
incorporated herein Will be omitted as it may obscure the 
subject matter of the present invention. 

FIG. 3 is a block diagram shoWing an optical transmission 
apparatus 300 employing an FSK scheme according to a ?rst 
embodiment of the present invention. The optical transmis 
sion apparatus 300 includes a light generator 310 and a light 
modulator 340. 

The light generator 310 generates a ?rst and a second tone 
signal having frequencies different from each other. The light 
generator 310 in this embodiment generates a carrier-sup 
pressed return-to-Zero (‘CSRZ’) signal including the ?rst and 
the second tone signal. 

The light generator 310 includes a light source 320 and a 
?rst modulator MODl 330. 

The light source 320 includes a continuous Wave laser CW 
and continuously outputs an optical signal having a reference 
frequency f0. 

The ?rst modulator 330 includes a symmetric mach-Ze 
hnder modulator containing a ?rst and a second arm of the 
same length. The symmetric mach-Zehnder modulator may 
employ an X-cut LiNbO3 mach-Zehnder modulator as an 
example. A heat electrode to Which a driving signal is applied 
is disposed betWeen the ?rst arm and the second arm and 
grounds are disposed at each outside of the ?rst arm and the 
second arm. The ?rst modulator 330 receives the optical 
signal from the light source 320 and the driving signal. The 
driving signal is a clock signal and has a frequency fd/2 
corresponding to 1/2 of a clock frequency fd of data. The ?rst 
modulator 330 receives the optical signal from the light 
source 320 to generate the CSRZ signal including a ?rst tone 
signal having a ?rst frequency fl and a second tone signal 
having a second frequency f2. The ?rst frequency has a value 
of (fO—f a/ 2) and the second frequency has a value of (fO+f a/ 2). 
The ?rst tone signal represents ‘0’ bit and the second tone 
signal represents ‘ l ’ bit. HoWever, this is a selective item. For 
example, the ?rst tone signal may represent ‘1’ bit and the 
second tone signal may represent ‘0’ bit. 
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4 
The light modulator 340 selectively outputs the ?rst tone 

signal or the second tone signal according to the input data of 
the CSRZ signal input from the light generator 310, and 
includes a second modulator MOD2 350. 
The second modulator 350 includes an asymmetric mach 

Zehnder modulator containing a ?rst and a second arm of 
different lengths. The asymmetric mach-Zehnder modulator 
may employ an X-cut LiNbO3 mach-Zehnder modulator as an 
example. A heat electrode to Which a data signal is applied is 
disposed betWeen the ?rst arm and the second arm and 
grounds are disposed at each outside of the ?rst arm and the 
second arm. A length difference betWeen the ?rst arm and the 
second arm corresponds to 1/2 bit. For instance, When a modu 
lation speed is 40 Gbps, since a bit time is 25 ps, the length 
difference betWeen the ?rst arm and the second arm corre 
sponds to 12.5 ps. 

FIG. 4 is a graph shoWing the Wavelength response char 
acteristic of the second modulator 350. As shoWn in FIG. 4, 
the Wavelength response characteristic of the second modu 
lator 350 shoWs a sine Waveform. The transmittance of the 
second modulator 350 shoWs a sine Waveform periodically 
repeating the rise and fall according to Wavelength change. 
The Wavelength response characteristic of the second modu 
lator 350 has a period determined by the length difference 
betWeen the ?rst arm and the second arm. Since the length 
difference betWeen the ?rst arm and the second arm corre 
sponds to 1/2 bit, the period of the Wavelength response char 
acteristic corresponds to 2 bit duration. The Wavelength 
response characteristic of the second modulator 350 may be 
measured by means of an erbium doped ?ber ampli?er 
(EDFA) outputting a broadband ampli?ed spontaneous emis 
sion (broadband ASE) or a Wavelength tunable laser. 

Referring to FIG. 3 again, the second modulator 350 
receives the CSRZ signal and the data signal from the ?rst 
modulator 330, and selectively outputs the ?rst tone signal or 
the second tone signal according to the input data. When a bit 
of the input data is ‘0’, the second modulator 350 selectively 
outputs the ?rst tone signal. In contrast, When a bit of the input 
data is ‘ l ’, the second modulator 350 selectively outputs the 
second tone signal. The second modulator 350 has a Wave 
length response characteristic Wavelength-shifted according 
to an applied voltage level. Further, the Wavelength response 
characteristic of the second modulator 350 is Wavelength 
shifted by Wavelength variation corresponding to ‘ l ’ bit With 
respect to voltage level difference of ‘0’ bit and ‘ l ’ bit. 

FIG. 5 is a graph illustrating the Wavelength-shift of the 
Wavelength response characteristic of the second modulator 
350. FIG. 5 shoWs a Wavelength response characteristic 430 
When ‘0’ bit is applied, a Wavelength response characteristic 
440 When ‘ l ’ bit is applied, a ?rst tone signal 410 and a second 
tone signal 420. When ‘0’ bit is applied to the second modu 
lator 350, a maximum transmission point of the Wavelength 
response characteristic 430 coincides With the ?rst tone signal 
410 and a minimum transmission point of the Wavelength 
response characteristic 430 coincides With the second tone 
signal 420. In this case, the second modulator 350 selectively 
outputs the ?rst tone signal 410 having a ?rst frequency. In 
contrast, When ‘ l ’ bit is applied to the second modulator 350, 
a maximum transmission point of the Wavelength response 
characteristic 440 coincides With the second tone signal 420 
and a minimum transmission point of the Wavelength 
response characteristic 440 coincides With the ?rst tone signal 
410. In this case, the second modulator 350 selectively out 
puts the second tone signal 420 having a second frequency. 

FIG. 6 is a block diagram shoWing an optical transmission 
apparatus 500 employing an FSK scheme according to a 
second embodiment of the present invention. The optical 



US 7,450,860 B2 
5 

transmission apparatus 500 includes a light generator 510 and 
a light modulator 550. Since the optical transmission appara 
tus 500 is similar to the optical transmission apparatus 300 
shoWn in FIG. 3 and the light generator 510 has a construction 
different from that of the light generator 310, a description of 
the same elements Will be omitted. 

The light generator 510 includes a ?rst and a second light 
source 520 and 530, and an optical coupler QC 540, and 
generates a ?rst and a second tone signal having frequencies 
different from each other. The ?rst light source 520 outputs a 
?rst tone signal having a ?rst frequency f 1 and the second light 
source 530 outputs a second tone signal having a second 
frequency f2. The ?rst and the second light source 520 and 
530 include continuous Wave lasers CW1 and CW2 for con 
tinuously outputting optical signals having predetermined 
frequencies, respectively. The optical coupler QC 540 has a 
?rst to a third port 540.1 to 540.3. The ?rst port 540.1 is 
connected to the ?rst light source 520, the second port 540.2 
is connected to the second light source 530, and the third port 
540.3 is connected to the light modulator 550. The optical 
coupler QC 540 couples the ?rst tone signal input to the ?rst 
port 540.1 and the second tone signal input to the second port 
540.2 and outputs the coupled tone signal to the third port 
540.3. The optical coupler QC 540 includes a Wavelength 
selective coupler WSC, a Wavelength division multiplexer 
WDM, etc. 

The light modulator 550 selectively outputs one of the ?rst 
tone signal or the second tone signal input from the light 
generator 510 according to input data. Further, the light 
modulator 550 includes a modulator 560 connected to the 
third port 540.3 of the optical coupler QC 540. 

The modulator 560 includes an asymmetric mach-Zehnder 
modulator containing a ?rst and a second arm of different 
lengths. The asymmetric mach-Zehnder modulator may 
employ an X-cut LiNbO3 mach-Zehnder modulator as an 
example. A heat electrode to Which a data signal is applied is 
disposed betWeen the ?rst arm and the second arm and 
grounds are disposed at each outside of the ?rst arm and the 
second arm. A length difference betWeen the ?rst arm and the 
second arm corresponds to 1/2 bit. For instance, When a modu 
lation speed is 40 Gbps, since a bit time is 25 ps, the length 
difference betWeen the ?rst arm and the second arm corre 
sponds to 12.5 ps. When a bit of the input data is ‘0’, the 
modulator 560 selectively outputs the ?rst tone signal. In 
contrast, When a bit of the input data is ‘ l ’, the modulator 560 
selectively outputs the second tone signal. The Wavelength 
response characteristic of the modulator 560 is Wavelength 
shifted according to an applied voltage level. Further, the 
Wavelength response characteristic of the modulator 560 is 
Wavelength-shifted by Wavelength variation corresponding to 
‘ l ’ bit With respect to voltage level difference of ‘0’ bit and ‘ l ’ 
bit. 
As described above, since an optical transmission appara 

tus employing an FSK scheme and a method thereof accord 
ing to various embodiments of the present invention employ 
an external modulation scheme instead of a direct modulation 
scheme, the optical transmission apparatus and the transmis 
sion apparatus method can be used in generating a high speed 
signal of more than 40 Gbps. Further, such optical transmis 
sion apparatus and transmission apparatus methods employ 
an FSK scheme to prevent chirping and signal distortion from 
occurring, so that an optimal FSK signal can be generated, 
thereby improving the performance of an optical transmis 
sion system. 
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While the invention has been shoWn and described With 

reference to certain embodiments thereof, it Will be under 
stood by those skilled in the art that various changes in form 
and details may be made therein Without departing from the 
spirit and scope of the invention as de?ned by the appended 
claims. 
What is claimed is: 
1. An apparatus for optical transmission using an FSK 

scheme, the apparatus comprising: 
a light generator arranged to generate a ?rst tone signal 

having a ?rst frequency f 1 and a second tone signal 
having a second frequency f2; and 

a light modulator including an asymmetric mach-Zehnder 
modulator containing a ?rst and a second arm of differ 
ent lengths and arranged to selectively output one of the 
?rst tone signal and the second tone signal input from the 
light generator according to input data, 

Wherein a difference betWeen the ?rst frequency f 1 and the 
second frequency f2 corresponds to a clock frequency f d 
of the data, a length difference betWeen the ?rst arm and 
the second arm corresponds to 1/2 bit of the data, and 
transmittance of the asymmetric mach-Zehnder modula 
tor shoWs a sine Waveform repeating a rise and fall With 
a 2 bit duration according to a Wavelength change, and 

Wherein the asymmetric mach-Zehnder modulator has a 
Wavelength response characteristic Wavelength-shifted 
according to an applied voltage level, the asymmetric 
mach-Zehnder modulator selectively outputs the ?rst 
tone signal When a bit of the input data is ‘0’, and the 
asymmetric mach-Zehnder modulator selectively out 
puts the second tone signal When the bit of the input data 
is ‘l’. 

2. The apparatus as claimed in claim 1, Wherein the light 
generator includes a light source arranged to generate an 
optical signal having a reference frequency f0 and a mach 
Zehnder modulator arranged to generate a carrier-suppressed 
return-to-Zero (CSRZ) signal, Which contain the ?rst tone 
signal having the ?rst frequency fl and the second tone signal 
having the second frequency f2, from the optical signal 
according to a driving signal. 

3. The apparatus as claimed in claim 2, Wherein the light 
source includes a continuous Wave laser. 

4. The apparatus as claimed in claim 2, Wherein the mach 
Zehnder modulator of the light generator includes a symmet 
ric mach-Zehnder modulator containing a ?rst and a second 
arm of equal length. 

5. The apparatus as claimed in claim 2, Wherein the driving 
signal a clock signal having a frequency corresponding to 1/2 
of the clock frequency f d of the data. 

6. The apparatus as claimed in claim 2, Wherein the ?rst 
frequency has a value of (fO—fd/2) and the second frequency 
has a value of (fO+fd/2). 

7. The apparatus as claimed in claim 1, Wherein the light 
generator includes a ?rst light source for outputting the ?rst 
tone signal having the ?rst frequency f l, a second light source 
for outputting the second tone signal having the second fre 
quency f2, and an optical coupler for coupling the ?rst tone 
signal and the second tone signal and outputting the coupled 
tone signal. 

8. The apparatus as claimed in claim 7, Wherein the ?rst 
light source and the second light source include continuous 
Wave lasers respectively. 

* * * * * 


